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The Standarc
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One of the greatest sciﬁ

achievements in Hist6r§r/°//

Contains almo,st%)m/ ]

on particles and forces
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Has its predictions s
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Higgs BR's

to

Higgs branching ratios as a function of the Higgs mass tell us which decays /

expect and where: 7
4
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LEP Searches / /%//%//

LEP performed Higgs searches g ;
in electron-positron 7 S
collisions up to /s = 209 GeV. j -"U‘U'“-J"U“U‘U"u"‘d[fiq

Signal signatures were:

* four jets, from &
* two taus and two jets, from

: T(M?)//fr// Z F =
two lept dt jets, £ v Y
wo leptons and two J?S/%%

0

evel o1

)
* two jets and missing E



Hadron colliders provide a number of process du

g 60000601

g 2999909 o / |

At the Tevatron, the mair%/ eSS | n//'/(/r//'/.///
* two b-jets, lepton/;%' sing E_ (M pp—W H
* two b-jets an% _,:a,m rom ;= Ay
* two taus from ==

"'pp— H —Z7Z— 4leptons

)




Tevatron Searches f ;7/ '

D0 and CDF collaborations excluded the 147 — 180 GeV & 100 7

GeV mass windows at 95% confidence level and found a 2. 50

events between 115 and 135 GeV: //
///

| — Observed Tevatron Run Il, L, <10 fo’'

== Expected w/o Higgs SM Higgs combination
- I Expected = 1 s.d.

" 1 Expected + 2 s.d.
- -=-= Expected if m, ;=125 GeV/c?

—_
o

95% C.L. Limit/SM
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) ///
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At the LHC, the main process involving Higgs are:

* two photons from

* four leptons from 7

* jets from weak vector boson fusion together WIW
and 7k



LHC Searches //////%//

CMS and ATLAS reported last Summer a discovery of a Higgs-like )j rticle
~ 125 GeV. . " o

CcMs Ys=7TeV,L=51fb" {s=8TeV,L=53fb"
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* One of the smallest cross sections in V/ /// 4 leptons
* Very pure signal and little
background;

* Opens door for H — ZZ search;

o
y
* Results have been accepted for 7

publication on PRD; @

1 /4 into 3 final states:

B o2 na vz 4

 improved extension of previous 6.4fb! one.



Event selection

y

Selection criteria used to enhance signal over background //////
* 4e final state broken into the number of electrons in rthe?@“ C:
electron. 7

* 2e2p final state broken the same way: 0, 1 or 2 /C&%

s

G
Ctrons & two “good” muons;

> 15 GeV;

11



Instrumental E
Main background is Z (—11) + jet ¥ nd
Need to determine the proba@i y c/ ,
rate). _
We use the tag-probe me '
with p, > 15 GeV an;lj :

je): A@(probe,tag) > 3.0 — fills denominator

7
% with probe jets
7 / AQ(e,tag) > 3.0 — fills numerator

7 /////// with electrons 12
\ 2 ///

apply MET < 20 GeV to suppress W + jets contamination




4e final state Z + jets background:

* method accounts for Z + y + jets 1)92 o
* overestimates events with 2 elec@o‘ ~/'

electrons. This contribution wasyf our ;/

7

4n final state Z + jets backgr y/,..a
apply P, to events /Wﬁ:}/ <

* method accounts fo

y



2e2n final state Z + jets background:
* two different contributions: 2 muons + 1 electron +
2 jets;

y

* tthar: small contribution in 2e2  fina
* beam halo and cosmic ray muon: be

muons can produce events wi :/.()/ T le tor // j/

”

* migration/ misreconstrlyf on: lepton /
Z /y* production. Wrong !//f/'/{!/f/;//’/ 7,///
pass selection cuts and end u/‘/// o3

.
/7?/ ////////;/////// a we end up with 15.31 signal events, 1.49
d ev: // /,//4%//;/ /// ate events in the data sample.

77
expected signal ZZ | QCD background | migration background | tt background | cosmic background

4e 5 412 0.61 0.09 0.00 0.00
4mu 3 4.26 0.12 0.03 0.00 <0.01
2e2mu 5 6.93 0.59 0.01 0.04 <0.01

Y




Cross section Calculatlon/ ///

y

ouL(J).Sll|\11||‘i.5u1|2||Lé.51|||3uué.5|u\4:|||4\I.5H|15
o(pp — Z/y Z/y) (pb)

.)J_rgjg(syst.)i0.08(lumi)pb

— Z/y* Z/y*)/o(pp — ZZ), combine with

o(pp = Z/Y* Z/Y*) =

r of
p
7 /////// J alll.
— stat.)iO.lZ(syst.)iO.M(lumi)pb

7 // _
" In agreement with SM value of 1.43 pb 15
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Higgs search and limits calculatior

S
In Summer 2012 both D0 and CDF collaborations reported e /ﬁe/ /

Higgs boson. P / ,
CMS and ATLAS reported its discovery with a mass 9//4 2

Higgs search in the four lepton final state is the

program on D0. We perform such search here/./ /

? i
Two production mechanisms studied: P //
gg - H — Z7 — 4leptons 7 /
ZH production via H —» TT, H > W '

to four leptons in the end. i /
a /

/ : 7
Both simulated using PYTHI

.

/ g 1o — ZZ cross section measurement: divide
// ates, 4e, 4n and 2e2p and apply the same selection

O
//// y
/ //

16
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final state

observed events

Higgs search yields

M, = 125 GeV yields in all final state channels:

channel yield
ZH 4e, 4CCnoICR 0.010
ZH 4e, 3CCnoICR 0.006
ZH 4e, 2CCnoICR 0.003
ZH 4e, 1ICR 0.008
ZH 4y 0.033
ZH 2e2p, 0CC 0.001
ZH 2e2p, 1CC 0.015
ZH 2e2p, 2CC 0.036
ZH, H - WW 0.041
ZH,H - ZZ 0.024
ZH,H - 11 0.044
ZH, other H decays 0.005
ZH total 0.114
gg - H - ZZ 4e, 4CCnoICR 0.004
gg - H - ZZ 4e, 3CCnoICR 0.001

g9 - H - ZZ 4e, 2CCnoICR < 0.001
g9 - H - ZZ 4e, 1ICR 0.002
g9 - H - ZZ 4 0.007
g9 - H - ZZ 2e2p, 0OCC < 0.001
g9 - H - ZZ 2e2p, 1CC 0.002
g9 - H - ZZ 2e2p, 2CC 0.007
199 - H - ZZ total 0.026
~ |Signal total 0.137

7
T

7

Signal m,, = 125 GeV

expected non-resonant ZZ | QCD background | migration background

tt background

cosmic background

4e
4mu
2e2mu

5
)
/’/

0.035 4.12 0.61 0.09 0.00 0.00

0.040 4.26 0.12 0.03 0.00 <0.01

0.062 6.93 0.59 0.01 0.04 <0.01
17




Kinematic distributions
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Events / bin

Events / bin
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Limits setting
=

fM]ajl;?/////g///// //

d: for events with MET < 30 GeV four-lepton mass is used; for events with MET
o / :
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[ .imits results

COLLIE takes yields and their = 0° DO,L=9.81fb" — Obs. Limit
- = F L prigi— renees Exp. Limit
stat. uncer. plus associated E L @H 22 -0t o Exp. =1 8.d.
systematics to provide exp. and =02 Exp. £2s.d.
|
obs. limits as function of Higgs ©
2
mass: © 10k
mH (GeV) expected observed C
115 57.3 78.9 i
120 54.9 60.6 1k
195 128 423 £ |St?“qa'fd Il\lloldell =|1.(|) L
130 30.6 335 120 140 160 180 200
135 21.5 21.0 My [GeV]
140 16.2 18.2 _Z
ﬁz ﬁj iii % [ Do,L<9.8fb" LLR_ *2s.d.
' ' = _ +1 s.d.
155 13.4 14.2 o (b)H - 2Z — e 0*¢ .ttEB
160 20.8 20.6 C LLR B
165 29.6 28.3 1 o _ LLR
170 32.3 39.0 B
175 30.4 28.4 B
180 22.9 19.6 0¢
185 13.3 9.7 f
190 11.8 8.6 Sl
195 11.8 9.5 r | | | |
200 124 9.9 120 140 160 180 200

M,, [GeV]
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